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Many gram-negative phytopathogemc bacteria, when inffl- 
naed into a nonhost plant such as tobacco, cause localized 
necrosis, generally known as the hypersensmve reaction (HR) 
JSoaSni- and Novacky 1994). A typical HR« characterized 
by the rapid collapse of the leaf tissue followed by necrosis of 
the collapsed area. Erwinia carvtovora subsp. carotovora and 
many othcVsoft-rotting bacteria are unusual in that they do Mt 
elicit a typical HR when infiltrated into tobacco leaves The 
inability of these bacteria to elicit the HR. has been anributed 
to the production of pectolytic enzymes that are presumed to 
suppress the HR. The recent finding of CoHmer and his asso- 
dEnaTa mutant strain of E. chrysarahemi deficient* the 
synthesis of the major pectate lyase ^el) isozymes, tana 
tne pectolytic parent, can elicit the HR (Bauer et«d. 1994) is 
. certify consistent with this hypothesis. In fact, both geneac 
and biochemical data (Bauer et aL 1995) demonstrate fttti 
chrysanthemi. like many other ^eganve^ bacU 5£*°% 
sesses krp genes including hrpN, which encodes an ^«torof 
tne ffiLThese dat ad the results of Southern blot hybnd*- 
zations of Laby and Beer (1992) support the idea that soft- 
rotting Erwinia possess hrp genes, but a sustained expres- 
sion of hrp genes of these Erwinia species m incompatible 
to ma/not occur at a level required for elidtanon of the 

"we have initiated studies to clarify the genetic regulation of 
the production of the HR and disease symptoms by £L caroto- 
vora subsp. carvtovora. We previously reported that a rmm- 
Tn5-Km insertion RsmA" mutant of E. carotovora subsp. 
carotovora is derepressed in extracellular er^epro^- 
tion and it is hypervirulent (Chatterjee et aL 1 995, .On * JL 
1995). A mutant of similar phenorype was also Z*™™*}* 
chemical mutagenesis. The data P««|ed h ere show Aai 
these mutants elicit responses in tobacco leaves thatareanu- 
lar to those in a typical HR and that mey do r*t require^ 
ceU density sensing signal //K3K>xor^^ylK-homos«me 
' lactone (DHL 1 ) to cause this reaction. Add.uonally our 
fmdings disctose the presence of a ho »° to ^ f B ^f"" 
gene in E. carotovora subsp. carvtovora «™^[» "J 
show that expression of this gene is negatively controlled by 

rsmA, 



*m copy 
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RESULTS 

RsmA* mutants of £. carotovora subsp. carotov ra cfidt 
responses in tobacco leaves that resemble the HR. 

Previously (Chatterjee et aL 1995; Cui et aL 1995), we have 
described the isolation procedure as well as some of the char- 
acteristics of EL carotovora subsp. carotovora strain AC5070, . 
the mini-Tn5-Km insertion RsmA" mutant (rsm = regnlat orof 
secondary metabolites). Since AC5070 verproduces pecfete 
lyases, polygalacturonases* protease, and cellulase, and is by- 
pervirulent, it was of interest to examine the responses it could 
elicit in tobacco leaves, wherein wild-type E. carotovora 
subsp. carotovora does not cause tissue necrosis in 24 to 48 
hr. As shown in Figure 1, ecus of AC5070 infiltrated into to- ; 
bacco leaves produced symptoms similar to those caused by P. 
syringae pv. pisi, known to elicit the HR. The lowest concen- 
tration of AC5070 that elicited an HR-lDce response *«s ap- 
proximately 2 x 10 s cells/mL The visible symptoms, Lc., wa- 
ter soaking followed by tissue collapse, appeared within 24 h 
after the infiltration. By 24 h the inoculation sites Developed 
necrosis, culminating in tissue desiccation. These nr^WUw* . 
as in the typical HR, invariably remained confined to the axea 
infiltrated with bacterial cells. Infiltration with cell s of R smA* 
E. carotovora subsp. carotovora grown in Luria-BciUiu (LB) 
agar did not produce visible lesions; however; after 5 to 6 days 
the fnfiltrpM sites became chlorotic 

By ethyl methane sulfonate (EMS) mutagenesis of E. caro- 
tovora subsp. carotovora strain AC5006, we iso lated a mu- 
tant, AC5041, that, like AC5070, overproduces pectaie lyases, 
polygalacturonases, protease, and cellulase (Fig. 2). in addi- 




tion, the mutant is hypervirulent in that it caused more severe 
macerati n in celery petioles than the parent RsmA* 1 strain 
(Fig. 3). The derepressed mutant, AC5041, but not its parent 
strain, induced the HR-like response in tobacco leaves (data 
not shown). 



Prevention of the HR-like respoo 

It has been reported that P. syringae pv. pisi prevents the 
HR when it is preinoculated in tobacco leaves at a lower con- 
centration (5 x 10 s ) and later challenged with an HR-inducing 
concentration (5 x 10*) at the same site (Novacky et aL 1973). 
Similarly, we have noticed that preinfiltration of tobacco 
leaves with AC5070 (10 s CFU/ml) prevented the appearance 
of water soaking and necrosis upon reinoculation at the same 



B 



Fig. 1, Symptoms produced in tobacco leaves by ^ 
subsp, carotovora AC5047 and its RsmA- mutant, AC5070. Odj g; 
pensions containing about 2x10" CFU/ml were infiltrated mao «n leal 
segment A, AC5047; B, AC507O; C Pseudomonas syringae p». put 
Pspl: and D, water, Picture was taken 24 h after mffltxanoa. 




Flg. 2. Agarose plate assays far 1, pectaie lyase (Pen-. 2, polygaUcturo- 
nase (Peh); 3, protease (Pit); and 4, cellulase (Cel) Bcdrides of Erwinia 
carotovora subsp. carotovona AC5O06 (A) and in RsmA" mimmt 
AC5041 (B). Bacteria wens grown in salts-yeast extract-gryceroi me- 
dium to saturation. Culture supemamnts were dilated twofold in 10 mM 
Tris-Ha (pH 7.0) buffer and 5 ul of the dilated samples were used for 
the Pel, Pen, and Cel assays. Thirty microliter* of n ndfl u t rd samples 
were used for the Prt assay. 
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site wim AC5070 or P. rfringat pv. pisi Grig. 4). Ate : the 
inoculation, about 2 x 10» cells of AC5070 
S^Tat different intervals. The ability of pr^^fj «J« 
to inhibit the HR-Kke response was appaiem by 12 h ate m- 
(dm not shown), and by 24 h producuon of the re- 
sponse was completely suppressed. 




^ 3. M~nu ioa o^^r^^A^^S 




RsmA~ mutants of £. ccrotovora subsp. carotovora elicit 
the HR-Uke response in the absence of the eeD density 

sensing signal, OHL. . , , 

OHL and its structural analogs are required for tne expres- 
sion of many phenotypes in diff ereni bacteria QFoqua et aL 
1994- Salmond et aL 1995: Swift et aL 1994). In E. carvtovara 
subsp. carvtovon, OHL controls extracellular enzyme pro- 
duction, pathogenicity, and production of the antibactenal an- 
tibiotic, carbapenem (Bainton et aL, l«ftCtorj« et aL 
" 1995- Jones et aL 1993; Pirhonen et aL 1993). We had previ- 
ously demonstrated that exoenzyme overproduce* and 
pathogenicity occurred in the absence of OHL in the RsmAT 
*„. AC5070 (Chatterjee et aL 1995). To fed out if the 
mutants could elicit the HR-lfce response in the absence of 
this cell density sensing signal, we examined the responses 
induced by OHL-defident derivatives of the RsmAT strains. 
We made the EMS-induced RsmAT mutant OHL deficient toy 
replacing 0 hlT (previously designated as hslT) allele required 
to OHLbiosynmesis. with 0 WJ-Mudlby mari« exchan^as 
. we had done with AC5070 (Chatterjee et aL 1995) AC5090 
and AC5093, the derivatives of AC5070 and AC5041 respec- 
oTely. do not produce OHL, as indicated by the 1^ Wssay 
(Serjee etTl995; data not shown). Figure 5 shows that 
AC5090 and AC5093 eUcited reactions in tobacco leaves mat 
were very similar to those produced by the parent strains as 
well as by P. syringae pv. put 

The RsmAT mutants overexpress hrpN**, a locos Pre- 
sumed to specify an elidtor of the HR. 

Recent studies by S. V. Beet. A. Colhner. and their associ- 
ates demonstrated that hrpN genes of E. amylavora and E. 
S^JLtoni encode eUdtors of the HR and raised the posa- 





Fl- 4 pre^nrion of <hr hypersensitive tcpon* ^^™"*™*° 

ACS070. l«f «P~»«J^ <ri}VZ C.AC5O70 (2 

domonas lyringat pv. pin Pspl O * lir *^JSZi. i\ .» n K- F ACS070 

with Pspl ^ x ivr J^"" ' CTu/nj) after 24 h; and It Pip 1 

and challenged with AC5070 U x lir ^^/^ . . infiltra- 

(5 x 10* CFU/ral) at 0 hour. Leaf was photographed 48 n axrcr mm 




Fie. 5 Bicitation of the bypcrsemitire4ike lesponse in 

5**n£ mutant, of ^^^^^^70*^ 
Ohir derivatives. Leaf segments wjercit^ik^^* " £ 
Abacterial cells. At water, B 9 AC3093,(R«mA . OhH; C, ACS090 

IfomA-; Ohni ank F. ACS070 (RsmA'. OhH. Picture was taken 24 h 
after infiltration. 
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HrpN^, 
HxpN M 



MLNSLGG— GASI.QITIKA-GGNGG1.FPSQSSQNG — GSPSQSAFGGQRS 4 5 

MQITIKA- - HIGGDLGVSG-LGLGA- - QGLKGLNS — AASSLGS SVDFXiS 43 

MSLNTSGLGASTMQISIGGAGGNNGLIiGTSRQNAGIiGGNSAliGIjGGGIIQII 5 0 

* - • • ••••• 



NXAEQLSDIMTTMMFM GSMMGGGMSGGLGGIiGS SLGGLGGGIi— — 87 

HnN ' STIDKLTSALTSMMT GGAIAQGZGASSKGI^--—---- 74 

Sm** £yvNQLAGIiLTGMMMIMSMMGGGGIjMGGGIiGG<^GNGIiGGSGGXGEGIiSN 
** * * ** ***. • * 



100 



HTT3H -LGGGLGGGLGSSLGSGLGSALGGGl-GGAI^AGM : 120 

H^h 1 " -MSNQLGQSFGNG-AQGASNLLSVPKSG— GDAL --- 104 

HrpN ^I^MLGGSL-NTLGSKGGNNTTSTTNSPLDQALGINSTSQNDDSTSGTD 14° 



a 



NAMNP S AMMGSIiIi FSALZDLLGGGMSQQQGGLFGHKQPSSPSISAYT 167 

SKMFDKAL-DDIi GHDTVTKLTNQSNQLANSMIJIASQMTQGNMNArQ 150 

S TSDS SDPMQQI<liKMF SEIMQ SI<FGDGQ.DGTQGS SSGGXQPTEGEQOTWXX 199 



HrpN, 
HrpN. 



Hz~dN QGVNDOT.SAILGNGLSQTKG- QT SPLQLGNNGXiQGLS 203 

& IgV^A1.SSI1.GKGLGQSMS GFSQPS1.GAGGXQG1.S 186 

£3l KGVTDALS GLMGNGI<S QLIjGNGGIjGGGQGGNAGTGIiDGS SLGGKGIjQNLS 249 



a-* GAGAI^QLGSTLGMSVGQKAGLQEI^ISTHNDSPTRYI^TOKEDRGMACT 253 

SS** GAGAI^QLGIttlGMGVGQNAAXiSAIjSIWSTHVTXJNNRHI^raKEDRGMA^Z 236 
HrpN GPVDYQQLGI^VGTGIGMKAGIQAlJroiGTHRHSSTRSFyOTCGIJPAMm 



299 



Sh! IG^r^yPEIFGI^EYQKIX^SSPKTDDKSVJJ^SKPDDTCim^SWm 286 
HrpN I^FMDQyPEVFGKPQYQKGPGCEVKTDDKSWJOO^SKPDDTCMTPASllffi 349 

** **********.***. .***. . . * ****************** • 



HrsN KFMKAVGMII^AIRGDTGlJTNIiSJ^GNGGASIjGIDAAMIGDRXVNMGIJK 353 

£?N~ KFRQAMGMIKSAV^GDTGNTNLNI^GAGGASljGIDAAVVGDKIAOTlSl^aC 336 

HrpN^T QFNXAXGMXKRPMAGDTGNGNI. QHAVFVVLRW 381 

.* * **** ***•*.*♦ .... 



HrpH^ LSS- 356 
BipH M IANA 340 
HrpN,. VUJP 385 



' . ... , , „ „, tr~t.in rnmiovDra subxp. earotovora strain Ecc7l (HrpN^j with dime of £ e*fy 

Fl« 6 Aliinroent of deduced amino add sequence of hrpNa, of Enmua carvtovoru ™"P-f" ... . . dou )n(i icM conservative subsnwitom. 
EClMHfpNftJ and £ amytevom Ea321 (HrpNi). A*tensk» mcUcate .dennca* amino acidi. s.ngie oots inaieaie eonservaove suosoniuoni. 

Numbers al R right indicate amino acid position! in each protein. 
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or AC5070 carrying the RsmA* plasmid, pAKC880. These 
results indicate that multiple copies of rsmA suppress elicita- 
ti n of the HR-like response in tobacco leaves by AC5041 and 
ACS070* 

Northern analysis was conducted to determine the effect of 
RsmA plasmid on hrpNe* transcription. The data- (Fig. 9) 
show that high levels of hrpN^ transcripts wens present m 
cells of AC5041 and AC5070 containing the cloning vector, 
pCL1920, but the transcripts were not detected in cells carry- 
, ing the remA plasmid, pAXC880. 

DISCUSSION 

We previously reported that extracellular enzyme produc- 
tion as well as virulence are negatively regulated by rsmA m 
£. carvwvora subsp. carotovom (Chatterjee et aL 1995; Cm eC 
aL 1995; Mukherjee et aL 1996a. 1996b). For example 
inacdvation of «mA by a transposon resulted m ov^roduc- 
tion of extracellular enzymes and hypervirulence. Moreover, 
unlike its parent, the RsmA" mutant did not require the cdl 
density sensing signal, OHL. for pathogenesis 
enzyme production. In this report, we have shown that tins 
RsmA- mutant and an EMS-induced mutant of a similar phe- 
notype elicited the HR-like response in tobacco leaves arrf 
thai Ae elicitation of this reaction was also not .dependent 
upon OHL. Although we do not yet have direct evidence that 
the mutations in AC5041 and ACSO70 are m tin 
these strains possess similar phenotypes; eg., they °^Sjt" 
duce extraceUular enzymes, they are hvpemrutoU^OHL 
deficiency does not affect the expression of these tnutt. 
Moreover, the plasmid canying rsmA* DNA "W^^S* 
cellular enzyme production, pathogenicity, and the ehcitanon 
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Fte. 7 Northern (RNA) Wof analysis of hipN^ ™RNA-of ErwMa 
2tiJ« -tap- colore strain Each la* |~n*«d 
RNA. Position of HOOiasc transcript is ind.catrd. Lane 1,E«71 (wiU- 
S™; ™«*t RsmA*V lane 2. ACS 006 (RsmAT); lane 3, AC5041 
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ST mutants have similar ph^norypc we tentatively clasa- 

"lESSS*- of evidence strongly 

? JS? • typical HR (Goodman and Novacky 1994): 
mS ^S^wa^^c^ by a rapid physiological ao 
H vit f^ vScr movement or water soaking), tissue collapse 
SJL JceU death (necrosis); (ii) the affected areas were 
? ri«otofiltrated with bacterial cells; (iii) these 

bnut f tt ^^dS«ishable from the symptoms devel- 
symptoms were bacterfum toown to elicit the 

SSb- E£ Ov) the response elicited by 
T^O^as preventable upon previous infiltration of a low 
1^ AC5070 ceUs and, similarly, prior inbcula- 
Z^TcS^^Us prevented eliciution of the HR byJR 
W^ P^S and (v) while AC5070 and AC5041. the* 
Strain*, and the wild-type strain possess hrpN^ se- 
pareni snown V the expression of hrpNvm « 



in tobacco leaves. We attribute the manifestation of this re- 
sponse with the mutants, but not with the parents, t the abil- 
ity of the former to produce high constitutive levels of 
HrpNto an exoenzyme, or both, With regard to the possible 
role of exoenzymes, it is perhaps significant that pectinases 
are known to generate elicitors of plant defense responses 
(Davis et aL 1984; Davis and Ausubel 1989; Keen 1992). 
Furthermore, Palva et aL (1993) have documented the activa- 
tion of chitinases and glucanases in tobacco by exoenzyme- 
producing strains of EL carotovora subsp. carotovora but not 
by mutants deficient in exoenzyme production. Therefore, one 
could argue that pectinase overproduction by the RsmAT mu- 
tants may induce defense reactions that could c ulminat e in an 
HR-like response. The inability of the wild-type RsrnA* E. 
carotovora subsp. carotovora strain Ecc71 to elicit mis re- 
sponse could be attributed to the lack of extracellular enzyme 
production in a nonhost tissue. Le^ in a tobacco leaf. How- 
ever, the hypothesis implicating pectolytic enzymes as elici- 
tors of the HR is difficult to reconcile with the finding of 
Bauer et aL (1994) that only those mutants of E. chrysanthemi 
that are deficient in major pectate lyases can elicit the HR. 

In light of that finding and for the following reasons, we fa- 
vor the hypothesis that induction of the HR-like response by 
the mutants may be due to the derepression of a gene encod- 
ing an elicitor, such as HrpNaa. or HrpN*. Collmer and asso- 






^ . . , i„^». i~, rt- SmA" mutants of Erwinia carotovora rdbsn. carotovora ACS 041 (panel 

R- 8 Bicimnon of an hypeoensitive-Hke wpon* ml t *^S^^^J^vOA92a. Bacterid suspension! containing about 2 xlO* 
(panel B) carnang d* ^ P ^J%™£*™£ pT^W ££: B. AC5041 carrying pAKOSO- C. wjjen D.ACWI 

oZl were >"«^fX£# ^SSm^A^SS^Lr. D. ACS070 carrying pd.1920. Pictom wa, token 24 h after mfiltnmon. 
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carrying pAKC880. 



MATERIALS AND METHODS 

TiActerial strains and media. 

Bacterial strains and plasmids are described in Table 1. £ 
«,mtovoro subsp. carotovora strains were routinely grown in 
£32 pv. piri on King's B (King *£WS«> 

media at 28'C Minimal salts plus sucrose (0-2%) agar, 
nutrient gelatin (NG) agar, polygalactur^-yea^mct 
• aear (PYA) and salts-yeast exrract-glycexol (SYG) media nave 
Sen de*2&ed previously (Barras et aL 1987; Chatterjee 
1980; Murata et aL 1991). When required, antibioe.es were 
added at the indicated concentrations in mereffams per am*. 
S^sjectinoinycin (Spc), 50; tetracycline (It), 10; AmpicO- 
SapXSO and Kanamycm (Km). 50. The composiuon of 
^ media for s*nuqoantitative .-says ° ^yrnanc ac- 
tivitieVaas been described in Chatterjee « aL (1995). 

"ESSo of enzyme samples for assays as well as the 
«sa7prSes were described previously (Murata et aL 
^991- oSTet aL 1995). The volumes of enzyme samples 
used in the assays are indicated in the figure legends. 

Biolnmlnescence assay for OHL. ,, 0 o«\ 
The procedure described by Chatterjee et aL (1995) was 

followed. 

farmland electroporation of bacteria. «mcnon Agests. 
gTSecrrophoresis, DNA ligation, and Southernblot analysts 
^Lnbnxi et aL 1989). Restriction and cnZyn ^ 
were obtained from Promega Biotech (Madison. WI). 

^•p^^u^rSe isolation of AC5^ by^i- 
T^KnihaTbeen described (Cnanerjee et aL199^ AC5041 
^isolated by EMS mutagenesis of AC5006. J^tagenew 
™ 1££Z according to the protocol* ^to (lTO 
T^ Sal cells were incubated with EMS for apenodjfcat 
^Lk^esTthan 5% survivaL The Putative RsmA ™«-" 
wereidendfied by their ability to overproduce P™^^ 
iulase! and pectolytic enzymes in agar plate assays (Chanerjee 
etaL 1995). 

Inactivation of the old locus by Mndl mutagen«4a. 
. The plasmid. pAKC25Z «^ '^j^*^ 
E. carotcvom subsp. carotovora strain 1^7 1 was 
tnixed with MudU734 following the P^c^ureof Casotoo « 
«L fl984) Briefly, P AKC852 was transformed mto the ry- 
t^l<EriJL*coli strain POI1734. 
thfohV plasmid was heat-induced to lvse-The lysatt , was 
u^ trfcrans^uce E. coU M8820. and the Tc^' transducuma 
!S screened for OHL production by rneans of d« pla«a«- 
s^Brwedure described in Chatterjee et aL (1995). Pl^rmds 
were SSed from M8820 colonies that could no longer actt- 
vate the lux operons in pHV200L 

Constnictionofbacu^ s^by^ere^n^ ^ 

The construction of AC5090, tnc wiu . 
AC5070, has'been described (Chatteqee «jj . 199JL T^«k 
late AC5093. the OhT mutant of AC5041. the piasmw 
plKC^carrying inactivated ^//-Mudl wa, ^ 
into AC5041 by means of the helper plasmid, P RK2013. 
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Transconjugams were selected on minimal salts plus: sucrose 
agar supplemented with Km. Col nies that were KmTc* were 
tested for the Ohl phenotype. AC5093 was selected for further 
studies. 

Plant tissue macerati n. — 

The celery petiole assay was previously described (Murata . 
et aL 1991). The extent of tissue maceration was estimated 
visually. 

Infiltration of tobacco leaves. J „ 

ErwUuc species were grown on 13 agar and J W 
piri was grown on King's B agar overnight at 28 C and ceUs 
were resuspended in water- Strains carrying plasrmds were 
grown on LB agar containing speennomycin and ceUs sus- 
pended in a 50 ug/ml spectinomycin solution m water. Young. 
£y expanded ^ird and fourth leaves of about 8-wee^ 
NicorianatabacumU cv. Samsun were infiloated with ba«e- 
rial suspensions. Inoculated plants were incubated in a growth 
cham^at27"C with a 14/10 h daylight 
monitored for reactions. For ^^^ZT" °f 
like response, cells of AC5070 (10 s CFU/ml) 
too ^ccoieaves. THe preinoculated areas ^^r^ated 
with 2 x id 1 CFU of AC5070 per ml or 5 x 10 6 CFU of R sy- 
ringe* pv. piri Pspl per ml at desired intervals. 



Cloning othrpN** DNA and nucleotide sequence analysis. 

The genomic library of £. carvtovora subsp. carvtovora 
strain Ecc71 in pLARFS was screened by in situ colony hy- 
bridization with a 0.75-kb internal Clal fragment of hrpN of 
£L chrysamhtmi (Bauer et al. 1995). Two cosnrids, pAKC921 
and pAKC922, that hybridized with the probe were isolated. 
The subclones (pAKC923 and pAKC924, Table 1) carrying 
hrpN DNA were' used for sequence analysis. 

Unidirectional 5' to 3' deletions of pAKC924 were made 
and the overlapping deletions differing in size. by approxi- 
mately 200 bp were used for sequence analysis with the Se- 
quence System II (U.S. Biochemical*, Cleveland, OH). In 
addition, we used oligonucleotide primers to verify and com- 
plete the sequence of hrpN^ with pAKC923 and pAKC924 
DNAs as templates. Alignment of protein sequences was per- 
formed using the Genetics Computer Group, Inc. (Madison, 
WI) software program at the DNA Core facility on the Uni- 
versity of Missouri-Columbia campus and the PC/GENE pro- 
gram OntelliGenetics, Inc Mountain View, CA). The se- 
quence of hrpN^ has been deposited at GenBaxuc and has 
been assigned accession number L78834. 

Northern blot analysis. , . . 

Bacterial cultures were grown to a value of approximately 
200 Klett units at 28°C in SYG medium with or without 



Table 1. Bacterial strains and plasnads 

Bacteria 

Envinia carvtovora subsp. carvtovora 
71 

AC5006 
ACS041 
AC5047 
ACS070 
ACS090 
AC5093 
Pseudomonas xyringa* pv. pif< 

Pspl 
Escherichia coU. 

DHSa 

HB101 

M8820 

POI1734 

V7S533 



pAKC8S2 
pAKC863 
pAKC880 
pAKC921 
pAKC922 
pAKC923 
pAKC924 
pCL192D 

pCPP2172 

pLARK 

pRK415 

pRK2013 

pBluescdpt SK+ 

pHV200 

pHV2001 

1 Uncommon abbreviations 
canons; nmA - regulator 
al. 1995). 



Relera nt characteristics* 

Wild type 
Lac* mount of 71 
RsxnA", EMS mutant of AC5006 
NaT derivative of AC50O6 

RsmAT, nuni-Tn5-Kni mutant of AC5047, Km', Nal 

OhT derivative of AC5070, RsmA", Km*. Spc* f 

OhT derivative of AC5041, RsmA". Knr* 

Wild type 

MOlacZ *M1S. 4lacZYA-arzn U169 hsdR17 recAi tndAl thi-l 
proAl UtcYhutS20(rB- mTJl ncA56 rpsUO 

Muq11734;.Wmb cts), JprvAB-argF-laclPOZTA) 
arxi4lac-proAB) rpsL *80l*cZ. *M1S rtcA56 

OhlT.Tc* r _ _ 

Derived from pAKCS52, oW/.vMudX Km*, T<f 

5S^5 S Sntaining hrpN^ hom genomic library *W\.Tc* 

pLARFS containing hrpN^ from genomic library of Ecc7 VTc 

l~££> EcoRI fragment of pAKC921 containing ^^ d ^£*^£/££ 

l 4-kb EcoRl fragment of pAKC922 containing hrpNu, cloned mto pSK . Apr 

Spc* 

hrpNa+Ko* 

Tcf 

Tef 

Mob\Tfa\Kitf 

ApP * ' 

8.8-kbteDNAinpBR322.Ap' f 

Frameshift mutation of tol in prrV200, Ap 



Zink et aL 1984 
MuraactaL 1991 
This study 

Chanerjee et aL 199S 
Cbanerjee et aL 1995 
Chanerjee et aL 1995 
This study 

A.J.Novacky 

BRU Frederick. MD 
Zink etaL 1984 
CastilboetaL 1984 
CastilboetaL 1984 
Gray and Greenberg 1992 

Chanerjee et aL 1995 

This study 

Cui et aL 199S 

This study 

This study 

This study 

This study 

Loner and Inouye 1990 
Baoeret aL 1995 
Keen etaL 1988 
Keen etaL 1988 
Figursld and Helinski 1979 
Stratagem. La JoDa, CA 
Gray and Greenberg 1992 
Pearson etaL 1994 



as Hsl in our previous pubti- 
a hrpNedt homolog (Bauer et 
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spectmomycin. Tbe procedures for RNA isolation did ^ortb- 
Sfloi analysis descnbcd^^^ a^) a*M£ 
et aL (1993) were followed A 0.7-Kb AcASmai internal 
fragment of hrpN^ was used as the probe. 
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